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Manunalian epidernñs is similar to hair and
nails with regard to its x-ray diffraction pat-
tern and insolubility in neutral buffers, but the
overall cystine content of the appendages is
considerably higher than that of the epidermis
(1). Treatment of hair with reduciiig agents in
dilute alkali dissolves most of the protein and
permits fractionation of the tissue into low sul-
fur fibrous protein(s) and high sulfur matrix
protein(s) (2). Matoltsy (3) reported that epi-
dermis was dissolved by .05 N sodium hydrox-
ide and only one component could be observed
by paper electrophoresis. This work has been
expanded by Rothberg (4) and Crounse (5),
and they have defined several components by
precipitation at a specific pH. These various
components were found to have a similar amino
acid composition and were thought to represent
the same protein slightly modified by the
solubilization. Evidence for the existence of an
a-fibrous protein by x-ray diffraction or other
techniques was not presented. More recently,
Baden, et al. (6) have found that extraction of
human epidermis and stratum corneum with
formate buffer pH 2.65 and urea gives pro-
tein(s) with a cross B configuration. The yield
was very low, however, the bulk of protein re-
maining undissolved. The purpose of this re-
port is to describe the isolation of an a-fibrous
protein(s) from the insoluble residue of stratum
corneum and epidermis and to define its physi-
cal and chemical properties.
METHODS
Stratum corneum was obtained by scraping
human soles and palms, and it was also collected
from patients with exfoliative dermatitis. Epider-
mis was isolated from human skin obtained at
autopsy by stretching and scraping or by heating
the tissue at 60° C for 30 seconds prior to scrap-
ing. The tissue was ground in 20 volumes of 8 M
urea with a glass homogenizer at 0° C for four
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minutes and the homogenate stirred at room
temperatures for 24 hours. The mixture was
centrifuged at 1,000 X g for 15 minutes and the
pellet re-extracted two additional times in a
similar fashion. The tissue was then stirred in 8
M urea with a .1 M mercaptoethanol at varying
pH for 24 hours at different temperatures. The
suspension was centrifuged at 20,000 X g for 30
minutes and the pellet re-extracted two additional
times. The supernatants were combined, dialyzed
against distilled water and lyophilized. Prior treat-
ment of the tissue with a 3 to 1 chloroform-
methanol mixture had no effect on the yield of
extracted protein.
The 5-carboxymethyl derivatives were prepared
by adding excess iodoacetic acid (12 free) to a
solution of the extracted protein in 8 M urea, .1
M mercaptoethanol and .1 M tris pH 9.5 (1).
After stirring for 30 minutes at room temperature
excess mercaptoethanol was added; the solution
was then dialyzed against distilled water and
lyophylized.
Fractionation of the protein mixtures was done
with ascending column chromatography using
sephadex G-200, sepharose 2B, and sepharose 4B.
In most instances, .05 M tris buffer pH 8.5 with
.01 M mercaptoethanol was used, but in some
experiments 6 M urea or .003 M sodium dodecyl
sulfate with .01 M mercaptoethanol was present
in the eluting fluid. The dried protein was dissolved
in .05 M tris pH 9.5 containing 8 M urea and .1 M
mercaptoethanol and then dialyzed against the
buffer with which the column had been equili-
brated. The solution was clarified before use by
centrifugation at 100,00 X g. The protein treated
with iodoacetic acid was handled in a similar
fashion, except no mercaptoethanol was used.
The digestion with trypsin was carried out in
.05 M phosphate buffer pH 72 at 37° C for 60
minutes using a weight ratio of enzyme to protein
of 1/50. The reaction mixture was then dialyzed
against distilled water at 10° C and lyophylized.
Disc electrophoresis was done at pH 8.5 using
a 5% acrylamide gel (7). The electrophoresis was
carried out at room temperature for 30 minutes,
using 3 mamp per tube (6 mm in diameter by 60
mm in length). The gels were stained with Amido-
Schwartz in 7% aqueous acetic acid and then
destained with 7% aqueous acetic acid. Amino
acid analysis was performed with protein hydro-
lyzed at 1100 C in 6 N HC1 for 24 hours on a
Phoenix automatic amino acid analyzer. Optical
rotary dispersion measurement of the protein
solutions were made in a Perkin-Elmer 141 polar-
imeter at 20° C. The nitrogen content of protein
dissolved in .1 M sodium bicarbonate and of
known weights of dry salt-free protein were deter-
mined by Kjeldahl analysis. The protein concen-
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tration in urea was determined by pipetting a
known volume of the protein dissolved in sodium
bicarbonate into a preweighed portion of urea
and correcting for the dilution effect.
The cysteine and cystine content were deter-
mined by titration with 5,5'-dithiobis (2-nitro-
benzoic) acid after reduction of the protein with
sodium borohydride in urea as described by
Cavallini, et al. (8). The method was standardized
using known amounts of cystine and bovine
serum albumin.
Specimens for x-ray diffraction analysis were
prepared by drawing fibres from lyophylized pro-
tein which had been hydrated in water. X-ray
diffraction patterns were obtained using nickle-.
filtered copper JCa—radiation (X = 1.54 A) at 40
1KV at a specimen to film distance of 1.50 or 5.74
cm.
RESULTS
The effect of a cystine-reducing agent on the
solubility of epidermal protein is shown in
Table TA and TB. It can be seen that the yield
of dissolved protein is dependent on the pH of
the buffer and the temperature at which the
extraction is performed. There was no signifi-
cant increase in the yield at concentrations of
reducing agents above .1 M, and thioglycolate,
TABLE TA
The effect of tern perature and mercaptoethanol on
the solubilify of epidermal protein
The extraction was done in .1 M ethanolamine
pH 9.5 with 8 M urea.
T°
GmflOO gm drj epidermis
Without
mercaptoethanol
With
inercaptoethanol
30°C 18.2 26.4
40°C 20.1 42.2
TABLE TB
The effect of mercaptoethanol and pH on the
solubility of epidermal protein at 300 C
All the buffers contained S M urea
Gm/tOO gm dry
epidermis
Without With
mercapto- mercapto-
ethanol ethanol
.05 M tris 9.5
.05 M ethanolamine pH
.05 M ethanolamine pH
9.9
10.5
17.8
18.2
18.0
25.4
29.2
44.0
Buffer %oot
.05 M tris pH 9.5
8 M urea
.1 M mercaptoethanol
100
.05 M tris pH 8.0
.003 M sodium dodecyl
.1 M mercaptoethanol
sulf ate 100
.05 M tris pH 8.0
7 M guanidine
.1 M mercaptoethanol
100
.05 M tris pH 9.5
8 M urea 1
mercaptoethanol, and dithiothreitol gave identi-
cal results.
The protein to be used for fractionation and
measurement of physical properties was ex-
tracted at 30 C in .1 M ethanolamine pH 10
with 6 M urea and .1 M mercaptoethanol. The
conditions for resolubilization of protein which
had been dialyzed against distilled water and
lyophilized is shown in Table TI. When the
protein dissolved in .05 M tris pH 9.5 with 6
M urea and .1 M mercaptoethanol was
dialyzed against .05 M tris pH 8.5 variable
amounts remained in solution, depending on the
concentration of protein and the particular
preparation. At protein concentrations of less
than 10 mg/mI, 50 to 75 percent of the protein
remained dissolved. When solutions of this pro-
tein were fractionated on sepharose 2B using
tris buffer with .01 M mercaptoethanol there
was an initial large peak at the end of the void
volume followed by a broad plateau (Fig. 1A).
Disc electrophoresis analysis of protein col-
lected from the initial peak showed a few barely
discernible bands while protein from the
plateau region showed several distinct com-
ponents. When the patterns of skin and serum
protein using the same size sample were com-
pared, it was clear that much of the epidermal
protein had not entered the gel (Fig. 2). The
use of .006 M sodium dodecyl sulfate with .01
IV! mercaptoethanol had no effect on the elution
pattern from the sepharose column. When the
separation was carried out in 6 M urea at
TABLE TT
Solubility of extracted fibrous protein
Buffer
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pH 8.5 with 01 M inercaptoethanol, there was
a very broad peak with a shift toward a smaller
molecular weight (Fig. 1B).
X-ray diffraction patterns of the protein
extracted at varying pH and temperature
showed an a-pattern with 5.1 A meridional and
9.8 A equatorial reflections (Fig. 3). The same
pattern was observed with proteins isolated
from the initial sharp peak and the broad
plateau of the sepharose 2B column. Protein dis-
solved in .003 M sodium dodecyl sulfate or 6
M guanidine with .1 M mercaptoethanol at
pH 8.5 and then dialyzed against distilled
water also had an a-pattern.
The S-carboxymethyl derivative showed a
marked change in its solubility characteristics.
It could be redissolved in 6 M urea with .05
M tris pH 8.5 and remained completely solu-
ble when dialyzed against .05 M tris. However, it
could not be dissolved initially with tris buffer
alone. When this protein was subjected to
column chromatography on G-200 or sepharose
4B, there was an initial large peak at the end
of the void volume followed by a broad plateau.
The use of .006 M sodium dodecyl sulfate in
tris buffer had no effect on the elution pattern.
A B
Fic. 2. Disc electrophoresis at pH 8.5 of serum
and epidermal protein. A is the serum protein and
B is the protein collected from the plateau region
of a sepharose 2B column chromatography separa-
tion. The concentration of protein for both samples
was 10 rng/ml and .01 ml was applied to the gel,
FIG. 3. X-ray diffraction pattern of the a-protein
from epidermis. The 9.8 A equatorial and 5.1 A
meridional reflections are indicated by arrows.
The meridional one is best visualized as a char-
acteristically flattened arc by rotating the figure
900.
X-ray diffraction analysis of this material also
showed an a pattern.
Following incubation of the a-protein with
trypsin, 40—50% of the starting material could
j
0. ft
0. D.
FEEL(lENT VOL LIME i'm/I
FIG. 1. Column chromatography separation ofthe a protein from epidermis on sepharose 2B. A
is elution with .05 M tris pH 8.5 and .01 mercapto-
ethanol, and B is with .05 M tris pH 8.5, 6 M urea
and .01 M mercaptoethanol. The void volume is
160 ml.
200 400
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be removed by dialysis. Repeated treatment
with the enzyme caused additional breakdown
of the protein until essentially all the material
could pass through dialysis tubing. The protein
remaining alter one hour of hydrolysis showed
a considerable reduction in the molecular
weight as indicated by the elution pattern
from sephadex G-200 (Fig. 4). X-ray diffrac-
tion analysis ol this material showed no evi-
dence of an a pattern.
The amino acid analyses were performed on
protein fractionated on a sephadex G-200 chro-
matography column. It can be seen Irom
Table III that the a-protein isolated Irom
whole epidermis and stratum corneum Irom
several sources had a similar composition.
Cystine (½) and cysteine content were de-
termined by a colorimetric method and the
value obtained br the a-protein was about
2.7 x 102 M/100 gm. This is in close agree-
ment with the sulbur content, which was .980
gm/100 gm protein. The protein treated with
trypsin showed an amino acid composition
similar to the starting material.
The results ob the optical rotary dispersion
studies ave shown in Table IV. The values br
bo indicate a helical content br the a-fibrous
protein and the S-carboxymethyl derivative of
about 50%. The value br bo was 0 when the
determination was done in 6 M urea. The
0. D.
0.8
0.6
0.4
0.2
0 200 400
EFFL 1/EN T VOL 1/ME (ml)
FIG. 4. Column chromatography separation of
the a protein on sephadex G-200. The column was
eluted with .05 M tris pH 8.5 and .01 M mercapto-
ethanol. The void volume was 160 ml. A is the
a-protein and B is the same protein treated with
trypsin.
TABLE III
Amino acid composition of the a fibrous proteins
The data is expressed as amino acid residues per 100 residues except for 4 cystine, which is moles
per 100 gm.
Asp
Thr
Ser
Glu
Pro
Gly
Ala
Val
Meth
Iso
Leu
Tyr
Phenyl
Lys
Hist
Arg
cystine
Whole epidermisa
9.2
4.0
9.1
13.0
2.7
18.5
5.1
4.9
1.2
4.9
9.8
2.3
4.3
5.5
1.0
4.5
2.75 >< 10
Whole epidermisb
11.3
4.2
7.7
19.4
1.5
13,6
6.8
4.3
.5
5,2
10.8
1.6
2,3
5,1
.9
4.8
Stratum corneum
exfoliative
dernatitisS
9.6
5.0
9.2
13.1
1.9
17.8
6.4
3.8
1.3
3.9
9.7
3.5
3,3
4.3
1.0
6.2
2.7 >< 10—2
Stratum corneum
psoriasisa
10.1
5.6
7.4
16.3
3.0
11.9
7.3
5.9
.5
4.7
9.6
2.1
3.5
5.9
1.6
4.6
Protein0
digested with
trypsin
8.5
4.2
13.1
12.7
4.4
18.4
5.5
3.6
1.5
2.6
7.5
2.6
3.4
6.7
1.9
3.4
3.4 X 10—i
a Obtained from initial peak of G-200 column.
b Obtained from plateau region of G-200 column.
The solution of protein was dialyzed before being put on the column.
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TABLE IV
Optical rotary dispersion dala for (he a
fibrous protein
ao bo % helix
a protein stratum corneum
a protein epidermis
a protein treated with trypsin
260
275
610
275
317
0
43
50
0
trypsin treated protein had a bo of 0 and there
was no change in the specific rotation with
the addition of 6 M urea. The value of ao for
the trypsin treated protein was much smaller
than the native material.
DISCUSSION
Two distinct types of proteins have been
found in wool. The fibrous component has an
a x-ray diffraction pattern and a sulfur content
of 1.5—2.0 percent, while the non-fibrous one
has a sulfur content of 5.7 percent. The non-
fibrous matrix protein was more soluble being
extracted first at lower pH. In this study we
have shown that principle component result-
ing from treatment of stratum corneum with
6 M urea and .1 M mercaptoethanol at vary-
ing pH is an a-protein Although several other
components could be identified by disc electro-
phoresis in the proteins retarded by a sepha-
rose 2B column, these appeared to represent a
small percent of that total protein. This is sug-
gested by the observation that the amino acid
composition of the retarded proteins, which
also contained an a fibrous component, is simi-
lar to that of the rpotein in the first peak.
The yield of fibrous protein is dependent on
the pH and T° of the extraction. Amino acid
analysis, x-ray diffractiion studies, and the re-
sult of column chromatography indicate that
material extracted under varioirn conditions is
similar. When dilute solutions of the a—protein
in .05 M tris pH 9.5, .1 M mercaptoethanol,
and 6 M urea are dialyzed against .05 M tris
pH 8.5 with or without .01 M mercapto-
ethanol, most of the protein remains dissolved,
indicating that the bonds responsible for the
initial insolubility are not readily reformed in
solution. The results of the chromatography
studies show that much of the material has an
apparent molecular weight of 25 x 10°, being
excluded by sepharose 2B. This high value for
the molecular weight suggests the material is in
an aggregated form. The elution pattern ob-
served when 6 M urea is present in the buffer
indicates that this reagent produces some re-
duction in size but the molecular weight of
much of the material is still in the millions.
It is not possible to tell whether the urea ef-
fect results from configurational changes alone
or there is a reversible breakdown into smaller
subunits.
The effect of blocking the sulfhydryl groups
is to permit solubilization of the protein with-
out a reducing agent. Although the S-carboxy-
methyl dcrivative is soluble in neutral buffer,
6 M urea is required to initially dissolve the
lyophylized protein. This suggests that the in-
solubility of the fibrous protein is not related
to disulfide bonds alone but that some other
form of bonding plays a role.
The helical content of about 50% observed
for the a-protein of epidermis is identical to
that published for the fibrous protein of hair.
The fibrous protein of hair has been shown to
be a complex molecule consisting of helical
portions and random regions (10). The value
of bo for the epidermal protein may also repre-
sent the average of helical and random regions,
but this has not been established.
The studies with tr3Tpsin indicate that the a
protein is susceptible to enzymatic degradation.
Rothberg has recently reported that epidermis
may be solubilized with trypsin except for a
small core of resistant protein (9). He infers
that this is the fibrous protein but presents
no x-ray data to support this. We have found
that protein partially hydrolyzed with trypsin
no longer gives an a x-ray diffraction pattern
and has a random configuration in solution.
The amino acid composition of the a-protein
is similar to that reported for the cross B pro-
tein which can be extracted from stratum cor—
neum and epidermis with formate buffer and
urea. There are a number of differences such as
in the glycine and proline content. Since the
a-protein is a large molecule, and perhaps not
homogeneous in composition, it may not be
meaningful to compare its amino acid compo-
sition with that of the cross B. If helical and
non-helical regions exist in the protein, the
overall composition may not be entirely repre-
sentative of the fibrous portion. This has re-
cently shown this to be true in the a-fibrous
protein of wool (10).
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No reagent has been found which clearly re-
duces the size of the a-protein. Sodium dodecyl
sulfate and guanidine permit the lyophylized
protein to he dissolved at lower pH but do not
seem to reduce the molecular weight. The na-
ture of the links holding the aggregates to-
getlier are riot clear, although erizymatic
cleavage of peptide bonds has a profound effect.
Unfortunately, the products of the hydrolysis
no longer retain the molecular configuration of
an -proteiH. Breakdown of the a-protein into
structurally intact subunits is the riext essential
step in elucidating tius problem.
SUMMARY
Extraction of stratum corneum and epider-
mis with buffers contairiiiig urea arid cystine
reducing agents solubilizes cousiderable amounts
of the tissue proteiri. The yield obtained is de-
pendent on the pH and temperature of extrac-
tion. X-ray diffractiori analysis of the isolated
protein shows an pattern with 5.1 A meridi-
onal and 9.8 A equatorial reflections. The large
apparerit molecular weight of the fibrous pro-
teins suggests it is an aggregated state. A S-
carboxyrnethyl derivative of the fibrous protein
shows a helical conteut of 50% arid ari x-ray
diffraction pattern similar to the initial pro-
tein. This nrnterial, however, still has a large
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